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We report a simple, enzymatic, end point method for determining nitrate in serum and urine with use of nitrate reductase from Aspergillus sp. (EC 1.6.6.2). The decrease inabsorbance at 340 nm as a resultof the oxidationof j3-NADPH is measured. We used FAD as a supplementary electron carrier and added an internal standard to avoid interference from possible inhibitors of the enzymatic reaction. The method was linear from 5 to 200 moVL nitrate in serum. Within-run (n = 12) and total(n = 14 days) imprecisions(CV) were 5.1-7.7% and 6.2-9.8%, respectively, at 20-90 moVL nitrate in serum. Recoveries of added nitrate were 80-106%. The median (range) concentration in serum of 20 healthy subjects was 16 (0-42) mol/L.
Indexing
Terms: nitric oxide/urine
In recent years, the significance of nitric oxide (NO) in various physiopathological states has become of interest to the medical profession. NO is formed from L-arginine byNO synthase(EC 1.14. 13.39) in many cell types (1) . Several isoforms of NO synthase have been isolated and cloned, and broadly fall into two groups. We have developed an enzymatic onestep methodology based on the reduction of nitrate to nitrite by nitrate reductase (EC 1.6.6.2) from Aspergillus species, in the presence of -NADPH. The concomitant oxidation of the coenzyme was monitored by the decrease in absorbance at 340 nm. The method of standard addition was used to minimize the effect of interfering substances from serum. Chenevier Hospital.
Constitutive
Materials and Methods
Specimens
Sera were also collected from patientswho underwent routine physician-ordered biological surveys; no additional samples were drawn solely for the purpose of this study. Samples were stored at -28#{176}C and were stable for at least 1 month.
For precision studies, serum pools (15 mL) were prepared from healthy subjects for determining low concentrations of nitrate and from cirrhotic patients for abnormal concentrations of nitrate. The sera were pooled, frozen, thawed, and centrifuged at 4000g to remove insoluble material.
They were then aliquoted and stored frozen at -28#{176}C until used. 
Chemicals
Results
Optimization of Nitrate Assay
In the initial experiments, we sought optimal conditions for the complete reduction of nitrate to nitrite. mol/L led respectively to 89% and 92% of nitrate reduction, whereas a 20 moI/L concentration enabled a complete reaction. The assay was performed at different temperatures: ambient temperature (23#{176}C in our laboratory), 30#{176}C, and 37#{176}C. The rate of the reaction did not appear to be influenced much by this factor. Consequently, we chose to work at ambient temperature.
Nitrate reduction was complete at -45 mm at room temperature (Fig. 1) .
Uneanty
Under optimal conditions described above, the reaction was linear with concentration of nitrate calibrator up to 200 moI/L (Fig. 2) . The limit of detection, defined as the concentration corresponding to the #{163}4 + 3 SD (n = 6) above the mean for an aqueous solution that was nitrate-free, was 5 moVL.
Addition of Internal Standard and Recovery
Because of the need for a relatively analysis. An example is shown in Fig. 3 . Extrapolation to the horizontal axis (y = 0) gave the negative value of the theoretical nitrate concentration. The slope of the straight line indicated the percentage of recovery. Table 1 provides data on the recovery of nitrate in serum samples from healthy subjects.
Sera not collected after an overnight fast should be excluded because serum nitrate concentration would reflect not only the endogenous production of NO but also the contribution of dietary nitrate. Hypertriglyceridemic sera should also be avoided since we did not obtain a linear recovery for addition of nitrate calibrator solutions at low and high concentrations in such sera (not shown).
Aspergillus sp. nitrate reductase was nitrate-specific, there being no effect on the assay from a 500 moI/L nitrite calibrator solution. We performed our method on urine diluted 10-fold in distilled water. Isopropanol, which was added to prevent bacterial growth during the collection period, did not affect the enzymatic conversion of nitrate to nitrite, and the addition of an internal standard always led to a recovery of -100%. Therefore, the presence of normal analytes in urine did not interfere in the assay at 1:10 dilution of their usual concentration (urea up to 45 mmol/L, creatinine up to 1 mmol/L).
Precision Studies Table 2 summarizes the precision studies.
Withinrun precision was determined by 12 replicate determinations of two pools with normal and high nitrate concentrations.
The former was composed of sera from healthy subjects, the latter of different samples collected during 1 week from one cirrhotic patient with sepsis who decompensated.
Between-day precision was determined from data on 14 measurements of each pool; between each experiment, the pools were stored at -20#{176}C.
Reference Interval
We measured nitrate concentration in sera from 20 fasting, nonhospitalized, apparently healthy subjects, 8 men and 12 women, ages 24-60 years (mean ± SD 43 ± 10 years). The median (range) serum nitrate concentration was 16 (0-42) moWL. The median (range) urinary nitrate concentration determined from nine healthy subjects ages 25-45 years was 1.66(0.48-3.00) mmol/L.
Discussion
The prior methods for assaying serum nitrate, i.e., cadmium/copper (10, 11) and E. coli nitrate reductase (5, 13, 14) , are based on the determination of nitrite after initial reduction by means of diazotization with the Griess reagent.
Because of turbidity as a result of protein interference with diazotization, they require deproteinization, which makes the manipulation more complex. The enzymatic method described here, based on the oxidation of 3-NADPH and spectrophotometric readings at 340 nm, eliminates this technical constraint.
The conversion of nitrate to nitrite is a two-electron reduction that can be obtained with the combination of a reducing agent and a catalyst. The major drawback of chemical reagents is that some metals lead to an incomplete reduction (11) or carry the reduction further than nitrite. The enzymatic methods are more specific.
In contrast to our method, the E. coli nitrate reductase method requires formate as exogenous electron (14) A further advantage of our method is that the nitrate concentration is calculated with use of a theoretical factor and nitrate calibrator solutions can be assayed to control the correct development of the reaction, whereas previously described methods are based on a calibration curve of nitrite. The main disadvantages of our method include the use of a relatively large sample volume and reaction wavelength at 340 nm, leading to increased risk of interferences related to interconversion of redox forms of coenzymes.
We used the method of standard addition to overcome the effects of inhibitors. The method of internal standard has already been successfully used by Cortas and Wakid in the kinetic cadmium assay (11).
